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INTRODUCTICN 


' The B-727 Two-Segment Noise Abatement Approach Program, of wliich the 
Guest Pilot Evaluation is an integral and important part, is an 
operationally-oriented program. Previous studies and evaluations 
have shown the feasibility of approach profile modification as an 
effective moans of reducing ground level noise under the approach 
paths to jet aircraft runways. 

The principal program objective of the current evaluation iS! 

"To fully develop the two-segment lai-ding approach procedures 
and the equiiment which is necessary in order to obtain pilot, 
airline and FAA acceptance of two-segraent flight paths as a 
routine way of operating airplanes on approach and landing." 

Program phases which preceded the Guest Pilot Evaluation addressed 
themselves to equipment development and to procedures developauent and 
profile optimization which were, in the view of the Project Team, safe, 
repeatable, pilot-acceptable and which significantly reduced ground 
level noise under the approach path. 

Such tangibles as profile geometry, equipment performance, configuration 
and airspeed scheduling and crew procedures can be quite accurately 
observed and assessed. Pilot acceptance, on the other hand, is complex 
and abstract,- 

The Guest Pilot Evaluation was the first major step taken in the 
program to test whether the equiimient and procedxzres which had been 
developed wore acceptable to a representative group of industry 
pilots, for further evaluation in the routine air carrier environment. 

This report will describe the procedures used for Introdiicing the fifty- 
seven Guest Pilots to the equipment operation and flight tachiiiques 
involved in the approach procedure. It draws together the vrx’itten 
comments of the group along with certain related statistical data. From 
this, an attempt has been made to arrive at a consensus (or lack thereof) 
on safety, workload and pilot acceptance of the procedure which they 
evaluated , 

From this analysis, the conclusions which follow vrare drawn. Before they 
were included in this report as conclusions, they were submitted to all 
of the participating Guest Pilots for their review and comment. They 
were asked to respond to any specific points or to any conclusion which 
they felt mis-stated their position. No responses were received. 


1 


Stg-MtHY 


The Guest Pilot Bvaluation was conducted during the period 12 Ja?nwry 
to 8 February 1973* and on 17*-15 May 1973* One additional foreign 
carrier (LuTthansaywas represented in mid-October. Ansott Airllneiai 
of Australia wae represented in the February pilot group. The air- 
line pilots were approximately balanced between pilots nerving in 
Titnagement capacities within their companies, and reg>jlar line 
pilots, a number of whom wero nominated by profes ’donal pilot organi- 
zations. The FAA pilots were from national Headquarters and the 
Rocky Mountain and Western Regions. Two major airframe mnufacturts 
were ropresontiSd. The varied backgrounds and industry affiliations 
of tlie Guest Pilot Group gave balanced industry representation. It 
was felt that this balance would insure that any unique concerns 
by the individual sectors of the industry would be objectively eval- 
uated and represented in the program results. 


Baaed on the very favorable results of the Guest Pilot iivaluation, 
the prototype installation was made in a regular dlAL B727-222 (rf76tOIl) 
and placed into line service for a six-month evaluation by UnL line 
pilots in regular air carrier service. 



OKIGINAL PAOB 13 
OF POOR QUAUTB 


Sm-fl-CARY OF blJEST^^PIIiOTy]atUAtlO.>^ CONCLUSIOiNS 
I . thQ prcceduro safe ? 

A, A si^nif leant majority of tho evaluation pilot nroui) found the proced- 
ure to be as safe an the standard IIU procedure n;ft«*r they hud com- 
pleted the evalimtion process (briefing, aimul4tor and aircraft or 
briefing and aircraft). 

B» The system as evaluated provides adenuate vertical guidance for use in 
IFR. 

C , The crew procedures and techniques required to fiy the two-segment 
approach are not significantly different from the standard n.3 in 
any way which degrades safety, 

D, The profile transitions are safe and easy to fly. The apotid change 
during glideslope transition does not appear to create an unaccept- 
able trim or power control problem,, 

E, The typical engine power setting required for tracking upper segment 
imder representative goiindspeed conditions Is acceptable. Under con- 
ditions requiring the use of full anti-ice capabilities, the procedure 
would not be recommended, 

F, Upper segment rates of descent are acceptable except under some tail- 
wind conditions. 

G, The nominal glideslope transition and stabilization altitudes are 
acceptable. 

II . Is the procedure _pilot-accentable ? 

A, The two-segment approach is generally as easy to fly as the standard 
ILS approach, 

B, Instrument scanning and airspeed control are slightly more difficult 
in the two-segment approach. There is no significant difference is 
Other major cockpit activity between the two types of approach. . _V\ 

C, The pilot would be faiailiar and competent to fly the procedure in IFR 
weather after a few approaches in the aircraft, 

D, Crew workload is generally not increased. It appriars to increase 
■ slightly under the following conditions; 

\ (1 ) Tailwinds 

(2) In the upper segment capture regime, conflgxiration cues are 

,/; slightly later than these same Cues on the standard ILS. 

(3) Instrument scanning and interpretation require additional pilot 

- - ■ at-txintion and concentration. 

(4) Airspeed must be closely monitored during glideslope tzransition. 

E, Autothrottles are not/ required for the two-segment approach, 

F, Overall energy management and configuration scheduling arc acceptable. 


Are ebek pit instrument dlsnlava and annunclatlona adequate ? 

A, The annuncdator display and sequencing are acceptable, 

/i 

B, The vertical guidance display is acceptable. 

C, Differences exist regarding the combination of raw and computed 
vertical deviation displays on the ADI and HSI, These differences 
can bo acconBuodated by interface and minor equipment modifications, 

D, The cockpit location of system controls, annunciators and switches 
is acceptable for a single-system Installation, 



Except; in oae Inatcncc in vhich conditions rennired the flight to^^operot*‘i^at 
Eono^ all of the evaluation flights were conductod at Ctcoktoh. 'bne of tho 
flights irvolved icing or significant upper segment tailuind components. 
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GeneraJ. 

The Guest Hlot phase vfas conducted in order to obtain evaluations 
of the two-segment procedure from a repre;?Qntative sample of industry 
pilots. To maximise comparability araon^ the individual evaluations, 
most of the participating pilots were given the S'lme briefing, sitiu- 
lator familiarization session and evaluation flight in the airplane. 

Each pilot was asked to complete the two-part questionn/n* re e^icwn in 
Figures 1 and 2 after his simulator and/or airplane flights. 

The simulator flight had three principal objectives: 

(1) To 0010:11 the Guf-’t Pilot to practice the two-segiiient procedure 

and flight techni ^ues and to familiarize him with the use of the 
special cockpit hardware needed for setting up and managing the P 
two-aegraent system. ' 

(2) To provide the pilot a basis for direct compar’son between the 
;tv70-segment and standard IIS procedures by flying a prescribed miv 
of the two types of apnroaches in a concentrated time period, 

(3) To permit any participating pilot who was not flying the B727 
regularly to become familiar with its flight and handling charac- 
teristics and cockpit controls and instrumentation. 

The airplane flight was designed to be the best test of three important 
items: 

(1) Did the Guest Pilot consider the two-segment approach coni:>atiblc 
with his experience in flying instrument approaches? 

(2) Is the procedure generally adaptable to his own company or organ- 
ization established operating procedures? 

(3) Was the procedure acceptable for further evaluation in the day-to- 
day revenue service environment? 

A total of 57 pilots participated in the Guest Pilot Evaluatiori, !fct 
all of these submitted questionnaires. The pilot opinion analyses are 
based on 45 airplane questionnaires and 37 simulator questionnaires. 

In the questionnaire summaries and analyses which follow in this report, 
it ?uist be recogrdzed that however objective a question night be, or 
however objectively the respondent may answer it, there is always the 
possibility that a response may be at least partially mis-interpreted 
in the process of grouping Individually worded narrative answers under 
a few broadly-worded general categories. For this reason, the verbatim 
responses upon which the analyses end concliwions have been based are 
contained in Appendices I and II. 


-i- 























WOULD YOU LIKE TO SEE ANY GUANOES MADE TO THE EXISTINO ANNUNCIATION 
DISPIJVY? IF YES» WHAT CHANGES ? 


WOULD YOU LIKE TO SEE ANY CHANGE IN THE INSTRUMENT DISPLAY? IF YES, 
WHAT CHANGES? 


IS THERE ANY DIFFERENCE IN OVERALL FLIGHT SAFETY BETWEEN THE 
STANDARD ILS' aND THE TWO-SEGMENT ILS? IF SO, WHAT? 


•i 

A. DO YOU FEEL THE TWO-SEGMENT APPROACH YOU HAVE FLOWN CAN 
BE FLOWN^ilN NORMAL LINE OPERATION? 

/. 'ji 


B. WHAT FACTORS ARE INVOLVED IN YOUR ANSWER TO 4-A V 


WHAT IS YOT'R OPINION OF THE TRANSITION TO THE UPPER SEGMENT? 


WHAT IS YOUR OPINION OF THE TRANSITION TO THE GLIDESLOPE? 


HAVING FLOWN SOME TWO-SEGMENT APPROACHES AS A PASSENGER, DO YOU 
FEEL THERE WOULD BE ANY ADVERSE PASSENGER REACTION TO THIS APPROACH? 
IF SO, WHY? 


FIGURE -GUEST PILOT QUESTIONNAIRE - 



- 3 “ 


IVewi^lmul^t tor Briefing aad tviaag 


/I, • \ 


Fo?%~i'lvo of tfi-'j jwrijflfisiilinf! pll'nt.'j fie*'? both ih»j shiulaior 
<ind fcHo alrer'iri. Thooo id lots received n ofio aid a h‘/if lv<ur 
briol'lng aisd a ffuis' I period In the fliijtit yjrjulator 
ut the U»*h I‘Uif»ht ’Irainini' Guntor In Denver, Cfslci'ude. f.enornlly, 
two pilots wore achedaled i’or thin briefing and eimulator period, 
and they usually remained together to fly in the aircr.fi, Each 
Guoot Pilot wa'.5 teamed with a Project Fllct, Where possible, the 
satiie Project Pilot also flei? W'ith hi? in the aircraft at Jan 
Francisco the cent day cr the day following, was cO-noidered 

particularly desirable because, having observed the Guest Mlofc In 
the siinulator, he was in the beet position to judge any substant- 
ial differences between the pilot's simulator and aircraft per- 
f onminces . 


I'he pro-simulator briefing was devoted principally io diecushlng 
the two-segment profile and rorocedurcs , flight tcehnisit.es and a 
discuasion of enuipinent management and opei’atio’Ti , Included in 
this briefing was an audio-viaral package which described the 
fxinction and operation of the two-segment hardware, procedurt^s 
for configuring the cockpit for the approach and Information 
concQrrdng interpretation of the progress annunciations and in- 
strumentation, Appendix IV was furnished to each pilot and discussed 
in the briefing. 

The simulator period consisted of eleven approaches which were 
flown generally irs the order shown below. The ILJ approaches w'ere 
the lead-off so that the T>ilot could boceme familiar with the 
flight and handling characteristics of the slmiilator before attemsiing 
to fly the two-segment approach. 


The simulator permitted instantaneous slewing to selected initial 
positions, altitudes and headings. For the eleven approaches de- 
scribed below, the following starting conditions w-cre used; 

JTAtIDARD IIS - ffci localizer centerline, on runway heading, 

1800’ (AFL), 10 KJ!. from touchdown (Except //1 J. 

TVifO^EGMS!''T - On localizer centerline, on runway heading, 

2000’ Ufa), 10 FJ.M. from touchclowji. 


ORIGINAL PAGE IS 
OP POOR QUAury 


APPnOACH # DESCRIPTION 

1 STA^mARD ns - FLIGHT DIRECTOR 

Take off| manually flies downwind. Turns in for local- 
izer Intercept at approximately 10 N.M. 

2 STANDARD IIS _ ATIjn COriP^f D 
Glldeslope capture 135 KIAS. 

3 TWO-SEGMSHT APPROitPH - AUTO COUPLED 
Upper segment capture at 135 KIAS. 

4 TWO-SEGMENT APPROACH - FLIGHT DIRECTOR 
Upper segment capture at 135 KIAS. 

5 TWO-SEGMEIff APHtOACU - AUTO COUPI£D - AUTOTHROTTLE 
Upper segment captwo at 135 KIAS. 

6 STAmRD ILS - FLIGHT DIRECTOR 
Upper segment cupt\a:e at 160 KEAS. 

7 TWO-SRGMEHT - FLIGHT DIRBCTOR 
Upper segment capture at 160 KIAS. 

e STA?g)ARD ILS .. FLIGHT DIRECTOR 

Upper segment capture at 160 KIAS, Crossylnd 90°/20 KTS 
gusblng to 30 KTS, 

9 TWO-SEGMENT - FLIGHT DIRBCTOR 

Upper segment capture 160 KIAS, Crosswind 90°/20 KTS 
dying off to calin at touehdom. 

10 AFimCH OF GUEST PILOT»S CHOICE 

11 TWO-SEGMEUT - AUTO C0Uim> 

Upper segment capture at 135 KIAS. 


The above 11 simulator approaches required 1,5 hours per pilot. 

While one Guest Pilot was flying, the other Guest Pilot observed. 

The Project Pilot Observer occupied the First Observer seat while his 
Guest counterpart was flying. He took notes and recorded pilot com- 
ments as they happened, 

A de-briefing to discuss any questions was held after the simulator 
period . 


Evaluation Aircraft FSUitht 


There was a one and a half hour pre-flight briefing prior to 
going to the airplane# This briefing was devoted to the general 
plan for the flight and a brief review of procedures and techni- 
ques. The differences in the simulator flight director (Collins 
FD-109A) and the Ansett Aircraft (Collins fD-108) were also 
discussed# 

Stockton was tho primary evaluation airport and was used whenever 
weather conditions permitted# In a few cases, Reno was used 
because Stockton conditions were not acceptable# 


The pilots flew the approaches described below. In most cases, 
these were flown in the o^'der shown, so that the comparison of 
performance on tho first, second, third, and sixth approaches 
could be roade. 

i 

Approach # Description 


1# Standard ILB, Flight Director, Manual Throttles to 

Missed Approach* 

2# Two-Segment, Flight Director, Manu^ Throttles to 

Missed Approach# 

3# Same as §2 above. 

4# Two-Segment, Auto-Coupled, Auto Throttles to Missed 

Approach# 

5# Same as 4 above# 

6, Two-Segment, Flight Director, Manual Throttles to 
Missed Approach# 

7. Standard ILS, Auto-Coupled, Auto Throttles to Touch- 
and-go, 

8# Two-Segment, Auto-Coupled, Auto Throttles to Pull 

Stop. 




pu. •“ L- 

A’JALYJIS 

CionorAl ~ Data rocordfj v^'^ro taken on Oaoh oJ,' tho Cucot I'llolu In LVui 
oiinulator nn(J/or In the aircraft* 

The simLator records vrere in the fon.t of a 14-channel oscillogruph 
trace and a real-tiir.e (once each second) line printer record and 
X-I profile and noioe plots. Figure 3 shcn;s the forffiat of the oscillo- 
graph record and the parameters recorded. Figure 4 is a typical simu- 
lator line printer record. Figure 5 is a typical X-Y profile and noise 
plot. These records v;ere t\sed in the sirmlAtor do-hriefing session. 
They were not normalized for group performance analysis, 


Figure 6 shows a portion of a typical approach record processed from 
the aircraft digital recorder data. All approaches were similarly 
recorded end processed , The analyses appearing in this report are 
based on aircraft d<ta only. The recorded data analysis will not dir- 
ectly influence the conclusions which are drawn regarding pilot opinion 
Just as the opinion analysis derived from the questionnaires is intend- 
ed to reflect group opinion on certain mivtiers, it is considered equal- 
ly germane to show how well the group actually performed the tasks in- 
volved in flying the two-segment approach. 


In selecting the approaches which were used in the statistical sample, 
the individuals wiio made tue selections did not knov/ who the particular 


pilots were, > They did not 2iave any idea (or way of knowing) what the 
specific questioimaire responses were, nor did they know, even in 




general tfirma, what the questionnaire analysis wtuld show, they eiiijv* 
loyed cojiplotely Impartial and valid statistical criteria for the 
sample selection, 

A statistical sample of 258 approaches, of all kinds was selected. They 
were sorted first on an approximate ratio of a given type of approach 
to the total evaluation approaches flown, . From this first cut, the 
approaches that were finally selected were those made under approxi- 
mately the same meteorological and other conditions which would maximize 
statistical comparability. The distribution of the sample is as follows: 

I Approaches 


Flight Director, US 32 

Flight Director, 2-segment " 97 

Auto coupled, Manual Throttle US 27 

Auto coupled, Manual Throttle 2-segraent 54 

Auto coupled, Autothrottle 2-segment 42 

Total 252 


Certain statistical analyses were made usjjjg the entire statistical 
sample above. The results of these analyses in tabular font are in- 
cluded in Appendix III . 

An additional detailed analysis was made in order to determine the 
following; if 

(1) How well did the group fly the two-segment approach? 

(2) How well did they perform their first Flight Director tv/o-segment 
approach as^ compared with the flown immediately prior? 


( 3 ) 


What was the rate and degree of improvement between the first, 
second and third Flight Director two-segment approaches? (These 
were the second, third and sl:xth approaches flown in the aircraft) 
(4) How does the pilot workload in flying the two-sograent approach 
compare with the ILS workload? 


For this analysis, comparisons have been made of the following approaches: 

First Approach - Flight Director Standard ILS 
Second " " ’ Two-Segment 

Third " it n h i* 

Sixth " « H II It 

In order to make this analysis, a statistical sample from the Flight 
Director ILS and the^-’^light Director two-segment approaches had to be 
selected* As in the previous sample selection, certain statisticeil 
criteria were employed. A critical review of the Flight Director ILS 
and two-segment approaches in the 252-approach sample was made. Be- 
cause direct comparisons between approaches were to be made, a major 
selection criterion was that a given pilot ( known to the selectors 
only by a number) must have ccmpleted all of the prescribed approaches 
in the aircraft in the order such that the first approach was a Flight 
Director standard ILS and that hie second, third and sixth approaches 
were Flight Director two-segment approaches. Since the sample was 
necessarily going to be relatively small (because the total 97 two- 
segment approaches would be divided among the second, third, sixth 
and other approaches), it was necessary also to insure that any set of 
approaches selected did not contain any unacceptably wide or unusual 
variations which would unduly influence the smaller statistical sample. 


Tho fltatiaticul nuT.plc Tor this analysis cr-naiiats oi' tho Director 

IL3 and two-BO(.rmont rf cords of 19 Evaluation Pilots. While this nd£;ht 
seem a small sample, the plotted data from this aaniplo co: spares very 

- a 

closely with the plotted data from the larger statistical sniisplo. 


The plots which appear later in this report grapisioally portray certain 
normalized data. The interpretation, analysis and conclusions will 
accompany each plot. 
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FIGURB 6 ~ TYPICAL RECORDED DATA FROM EVALUATION AIBCRAFT (&.SEG fLT DIRECTOR) 
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Tho pilot and flight engineer group within tho program team wqo chargod 
with tho dovolopmont of operationally nound procedures using the Gollina 
opocial-pjrposo ?.-oofjmeot apnroach system. The principal members of this 

group ware! 


Captain Howard G« Hsyos - Vico Pronldent, Flight Tochnicul Corvicos. ’''ho 

non lor corporate officer involved directly ultli 
the program. Provided overall program j)olicy 
guidance througli George Schwind, Program Director, 

CaTL-taln Bob Stlmolv - UAL 72? Fleet Fanagcr and Manager of 727 Flight 
i'l Procedures and Developra'-nt . Involved in estab- 

lishing operational criteria for equipment desigt 
and in establishing the operational constraints 
in procedures developnent. 

Fred Drinkwgter - .'USA Pilot, Participated actively in the plf-nning 

and development phases and in the engineering 
Flight Evaluation, Articulated principal JlABA 
concerns related to overall operational prograi** 
goals. 


John Morrison - 


yroiect Pilots and 
!^ight Engineers 


Jim Bugbee - 


Lead Project Pilot, Heat’i d up the Project Pilot 
and Project Plight Engineer team at Denver, Dir- 
ected project pilot team effort in test plan 
development and Simulation ana Engineering Flight 
E'/aluations • 


Tom Pranch - Project Pilot 
’’Monty” Monteith •* 

Floyd Snyder - ” ^ " 

Vince Hagan - Project Plight Engineer 
George Martin - '! ” ” 

Dave Ualkinshaw - ” ” ” 

?.'A Western Region Engineering Pilot, Conducted 
t ic Uon-Interference STC flights on both tho , 
Ansett B7^7-277 and UAL B727-222 prototype in4 
stallations . 
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Pilots Purtl clm ti nK in the Guest Pilot Evuliiation PurinK the 
Ferl^ l/l2/7'3 - 2/s/73 


AMERICAN 

SIWinJvTOIi 

AIHOR/iFT 

Capt. Frank McCormick 

lA5' 

1/16 

Capt, A1 Reeser 

1/24 

1/25 

ANSETT AIRLINES OF AUSTIUiLU 

Capt, A, F, “Dusty'* Lane 

2/6 

2/7 

ATA 

Dill Russell 

1/30 

2/1 

DOEi:^ SEATTLE 

Brian V^gle 

1/18^ 

1/20 

BHANIFF 

Capt. Bruce Douglass 

1/12 

'1/14 

Capt, John Pieburn 

- 2/5 

2/6 

CONTINENTAL 

Capt, Wayne Fisher 

1/^,6 

1/27 

Capt, Carl Rogers 

1/30 

1/31 

Capt, Bill Lively 

2/7 

2/8 

EASTERN 

Capt. Jim Cousins 

1/31 

2/1 

Capt, Bruce Putney 
FAA 

2/3 

2/4 

Ivan Sehel 

1/19 

1/21 

Gayle Mace 

1/21 

1/22 

Joe Ferrarese 

1/24 

1/25 , 

Dick Sliff 


1/24 0 

Charlie House 

•* 

1/24 

Sal Nucci 

• 

1/24 

Phil Nisgore 

- 

1/24 

Jim Baker 

1/28 

1/29 

Ralph Nolteraeier 

1/31 

2/1 

Dick Skully 

2/4 

2/5 


MS DOIMELI^DOUGLAS (Lonfj Baach) 


Roger Sanders 

1/13 

1/14- 

Dill Caooy 

2/3 


NATIOriAL 

Capt, Charlie Caudle 

2/4 

2/5 

NORTHWEST 

Capt. Don DoBolt 

1/16 

1/17 

Capt. £d Johnson 

1/16 

1/18 

Capt. John Carlson 

2/2 

2/3 

PAA 

Capt, Jack Teters 

1/29 

1/30 

Capt. Jack V/ilson 

1/29 

1/30 

PSA 

Capt. Don Coney 
TWA 

1/30 

1/31 

Capt, Gordon Granger 

1/25 

1/26 

Capt. Joe Harris 

1/27 

1/28 

WESTERN 

Capt, Ed Richardson 

- 

2/7 

USAF 

Major Ken Dyson 

1/19 

1/20 

UrriTED 

Capt, V/alt Matsui 

1/12 

1/13 

Capt, G, H. "Dag” Dorward 

1/15 

1/16 

Capt, Hoverd Mayes 

-> 

1/17 

Capt, H. E. "Tat" Tatman 

- 

1/17 

Capt. Mcl VoIk 

1/18 

1/19 

Capt* Dob Collins 

1/22 

1/23 

Capt, Ray Lahr 

1/22 


Capt, Frank Cowles 

r*' 

1/24 (At UX ) 

Capt, Warren Mugler 

1/25 

1/26 

Capt. Jisi Gates 

1/26 

1/27 

Capt, Bob Patterson 

1/2^7 

1/28 

Capt, Ernie Durmeister 

1/28 

2/ i » 

1/29 

Capt, Gerry Ziiameman 

2/3 





. f 

l.l 

1 

Capt* Lloyd Troeco 
Capt, Emlo ’lauliJby 
Capt. Gene Trltt 

2/5 

2/6 

k/7 

2/6 

2/8 

2/8 

j 

i 

] ( 

1 

Thfj Cn-Lino ma taken out uf Kosrvico on 

noino ne.'irjurpinfinta at ^itockton, Dui*in{j thin period, 
additional pilots evaluated the procodureo; 

14-15 f'iy i’or 
the following 


DELIA 




Capt, Hay Daniel 

- 

5/15 


EASTEHM 




Capt, A1 Cleaver 

5/14 

5/15 


KaXED 




Capt, George Henderson 

- 

5/15 

ii. 

li 

1 

AISERIOAN 



il 

I . 

Capt. Bemie Wohl 

- 

5/15 

il 

1 

LlirH/’iNSA 



II 

M 

il 

Capt, Robert Salzl 
(Dr, Johann- Peter Hach) 

1C/16 

10/17 
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,.,In ad^Htion to tho abov^;th*^ following piloLs cvul’^ift^d Uw proc^d\ifea 
*'7 in tlie simulator on tho dates shown: 

11/11/72 Capt. Bob 3 timely (UAli) 

Capt. Bob Patterson (HAL Central .'lafoty Committee Chaiiuian) 

11/37/72 Mr, Lynn 'lay field (F/Li) 

Mr. Ivan Bobel (PAi.) 

r 

12 / 6/72 Mr, "'>L Woathoff (FAA) 

Vr. Boh Itaj'i?i,;;o (FAA) 

Cant, 7.0. For.?orth (Pa A) 

12/29/72 Oapt. .Tohn Firk (Alaskan) 
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PART II 

I Q!JC3T PITj W EVALIL\TIQ'^1 RESULTS 

i B- ^hB Pr o a ad v M Wr Aocep i ah l / i l i »*H ge 
ja f.Vin 

CAclcpltxJnstxnMoatat^iovt^fv^M-gpjlasrs 


Qffiftg-moT EVALUATIOW RESULTS - 

So arrlvo at the concluaicrm relating to the Guest Pilot acceptance 
of the tvfO-oe£;mont system and procedures, two oaentially independent 
eource inputs vere analyzed* 

(1) Pilot responees to Part 1 and certain Part 2 responses and com- 
binations of responses were analyzed to determine pilot opinion 
as objectively as possible. Where there was follow-up corres- 
pondence, this was considered in the pilot opinion analysis. 

(2) The recorded date from the aircraft was statistically analyzed. 

The actual statistical data appears in Appendix HI, 

Some conclusions are the net result of considering some portion of the 
statistical data and certain pilot coments. Others are di'rived 
either from pilot conmients or statistical data alone. The nature of 
the conclusion will usually suggest the source from which it is derived. 

With the varied backgrounds and industry affiliations of the Guest 
Pilot Group, it was recognized that the individual pilots would 
probably base their opinions of the operational accoptubility of 
the equipnent and procedures on those specific factors which are 
most charactei’istic of their industry involvement. The Pilot 
Questionnaire attempted to gather specific information relating to 
factors which it was felt would enter into all, or nearly all, of 
the individual pilots' assessments. In broad terms these are: 

(1) Is the developed procedure acceptably safe for use in the 
routine air carrier operational environment? 

(2) Given a reasonable Introduction to the system management and to 
the procedures, is it acceptably easy to manage and to fly? 

(3) Do the cockpit instrument displays and annunciations provide the 
pilot with all of the information ho needs to fly the approach 
with confidence under IFH conditions? 

The analyses which follow will be grouped under the throe broad cate- 
gories above. This does not imply that they are totally independent 
considerations^ They are, in fact, interrelated. They have been 
broken down to make it easier to understand the analysis rationale. 

Each analysis has been given appropriate v;cight In any conclusion 
to which it pertains. 


PAQO 

OF B 


'5"/^f=ETY OF THe 




Tho equipcicjnt Tailuro sui’ecimrclo and eiTcci.Li w»^re cHscussscd in tho 
briofinge. The Guest Pilots w-ve not purposely e;*| oaed to syst' Ui 
malfunctions in the simulator or airei*oft except when the pilot re- 
quested specific demonstrdtlcn of some failure ef’’ect. One jrrijicipjil 
objective of tho evaluation van doterraine whet! or tie syrton and 
procedures were acceptably safe when used under nonital t.ncrating 
conditions. 

* 

To draw the conclusions about ti-e safety of the ;i’ocedurc, thf’. re- 
sponses to ijuestion 3 were considered ihe principal source of pilot 
opinion relating to this aspect. The v;ordlng of this question 
invites the pilot to compare the relative safety rsei'its of the tvu- 
seepr<f'nt and stanriaixl ILS procedures. 


Pai’t 1 of the Pilot ^tuestionnaire wj,:U suurjarized -*‘md analysed princi- 
pally to detenaine the pilct activity areas impacted sriost by U»c 
procedure. The recorded data analysis which relates tb safety of the 
procedure is that data which shows how w(Sll the group tracked the tiio- 
segjrient profile while using the flight director, and the ccinparison 
between their flight director two-segment and ILS profile tracking 
porfcriJiance, The other principal ingredient, wlij.t*?i must be considered, 
is how much, if any, the workload was increased in order for the group 
to attain acceptable two-segment tracking perforautnee, Finally, an 
analysis of alrspoGd control, particularly in tiiC glidcolcpo transition 
regime, has been considered . 

Xho conclusions v;hich resulted from the analysis which follows are 
predicated on the following basic rules: 

(1) If there was a significant expression of pilot bjc, inion that the 
procedure, or soriis part of it, was not safe, the conclusions re- 
gaining safety of tlie overall procedure reflects tlis fact, the 
performance data notwithstanding. 

( 2 ) If the perfonTtance data analysis showed that the grotp did not track 
the two-seginent profile within operationally safe Units at any 
point, the conclusions reflect this fact, pilot comment notwith- 
standing . 




(3) li' the duia analysis ahoved that pilot workloisd incroaood 
inordirvitely over otandard ILS workload in order ~to attain cch- 
parable tracking performance, this fact influenced the conclusions. 
The basic rationale involved here is that an o::perienced pilot 

has the motor skills to master any reasonable maneuver. His 
perfcrr^nce of that maneuver cannot be considered safe, however, 
if it demands undue concentration to the axolusion of other im- 
portant activity—- 

(4) IT the data analysis showed any signlficeiit upeed Ccnirol pro- 
blems, particularly in the glideslope transition and stabili- 
zatlcn portion of the profile, this is reflected in the conclusions 





^ SUimRY Alb ANALYSIS 

1 _ T5 THiaiB A > ff DIFFERSWCB i;i DVERAUi FLIG?r SABE'fY BE,T^aS!f 
r.lB STiuTOARD ILS A?JD THS 7Vfe>I^EG;-n!fr? IF 50. VJMT *? ' 

A totixl of fifty seven nilots participated in the Guest Hlot Bval“tatiea. Cf 
^'■eso, 45 evaluated in both the" flight eisrulator and Wjo airplane, 6 flew the 
sr/'ilyation approacho#- proscribed in the airplane only, 5 Clow saaple approaches 
a I LaX when the piano was there for a doraonotration to the FAA Western Eegion 
-atJ onf- flow into in tho program in one brief out of service test peri&i. 

TIio Question 3 summary and subsequent summaries appearing in this report are ' 
on tho 37 Simulator Questionnaires and 45 Airplane Questionnaires which 
T-’ r* celved from the Quest Pilot group. It will not be uncommon that the 
lipfil number of break-down comments exceeds the 37/45 pilot totals, This 
iS due to the fact that a pilot may have coiaMented on more than ona item in 
Ms response to the qumtion. 

(0ie .iuestion 3 responses have been categorized using the following general 
criteria: 

(1 ) 7o difference or loss in safety - If the response consisted of a word 
or short phrase vjhich was not subject to any other reasonable inierp- 
r ttation than that th '3 pilot saw no compromises in safety or differen- 
f;i3S betroen the two-sogment and the safety, it was cemnted in this 
category, 

(2) Tvfo-3egT«tant safer -- If a cormrent clearly stated that the pilot consider- 
ed the two-Sfgment prooeduro safer than tho IL5, it vjas counted in this 
category. 

(3/ loienti il difference or loss in safety - A comment which stated same ,, 
iind'er vjhicvT'th’G pilot felt that the two-segmont prccedxire 
is potentially loss safe than the ILS- procedure vjas counted in this 
category. 

(4) ILd sa^o'c - Any comment interpreted as a statement that the ILs ic the 
safer of the tvio nrocodures was counted In this category'. 


COMMEfIT CATEGORY 


QUE5TI0^f 3 COMffiMT SUI-llARY 
(57 p:iors) CTMI 


fio questionnaire received 

’Jo Difference or loss in safety 

Two-3egmont Safer 

Potential Difference or Loss in Safety 
IM Safer 


JLATOR 

AIHPLA3B 

20 

12 

11 

18 

2 

4 

11 

14 

13 

o 

57 



O PINION SHIFT SOW-JARY BETWEEN SIMULATOR AJJD AIRPLANE 
(37 Siimilator C 




AKPjUi 


C^>^:^JERT C;^TEd6FlY 

1o Difference 


RT 


11 


Ifj Do Change 
1 to potential 


i 16 Uhnngc 
1 to No Biff. 


Two-S>»rmnnt Safor 


Ghani 


Potent -J ai Pift^orence 


11 

tr 


I go 
Do Biff. 


6 to 

1 to 2-Seg safer 


“’ 7 “ ‘.o unango 
5 to Potential 
1 to 2-Seg safer 


rLS Safnr 


26 
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CoinmentB from the cix pilots who flew the prescribed eval’^atlon approaches 
in the airplane only distribute as follows; 


Mo questionnaire received 1 
"In Difforonce 3 
Tv/o-setnnont Safer 1 
Potential Difference - 
ir^ dafnr 1 


CF THS of pilot frcI' 3 

The surssary above distributes the individual pilots* t*o»iQnto into the fe'ir 
broad categories shov-Ti. The sunnary below divides each of t’-eae categor'es 
in order to show the nature of the itens mentioned in comments and to 
show hcv; many pilots v.'itbin the group expressed aubstantially the same viau 
on that item. 


rJO-ssGio^rr safer Bmru^Tcn 

Provides higher terrain clearance 
Higher profile on Uopor increases safety 
in emergency situations 1 

Incr ases pilot a\.areness of altitude in 
the 7C0*-50O' area 1 

Provides pilot wltli distance to touchdown 
Provides bettsr view of Itirsinal area traffic 


1 

2 

1 

1 


rCTE ITThL Cd LCBS IT SAFSTy 

Glideslopa speed stabilization 

dlideslope transiticn/ntabilization altitude 

Icing limitation 

lalluind limitation 

Engine spool-up time 

'’^pper degnent rate of descent 

Instrument scanning 

Pilot fa.'niliarity with procedure/training 


Icing conditions 
Tailwinds 

Verticel speed/transition altitude 
TTansiticn/atabilization altitude 
Engine spool-doum 
Pilot v.’orltload 


2 

3 

3 

3 

1 

1 


1 

1 

2 

1 

& 


4 

4 

1 

1 

1 

1 


1 

2 


3 


The nature of the connents v;hicli have been counted in the 
category above are as follows: 

deneral incresse in pilot attention/workload 2 

Instrument scanning/pover on lower transition 5 
Increases when flying approach manually 1 

!’igh sink rate close to ground 
Lookout poor 


pil''t workload 


1 

1 

1 


ORIGINAL PAGE I^ 
OF POOR j2UAim) 


The folloring findinEij relating to Guoat Pilot ooinion of tlio aafoty of the 
two-3 egraent procedm*t> have been considorod in the concli;uiono ; 

1 * 'fone of the Gueot Pilots considers the two-segrient approach which vma 
evaluated to be unsafe. 

In the question 3 analyslo above, responses fron line pilots {13 sim- 
ulator/l1 airplane comments) were categorized as statements that these 
pilots considered the IbS the safer of the two procedures, 'lone, however, 
stated that the two-segment procedure is unsafe. Tn the briefiigs, 
emphasis vitxu placed on the pilots ' evaluating every arpuct o" thn .’nfety 
of the procedure. In view of this emphasis, and in view of the back- 
ground and experience of the pilot group, it biS b*en assumed that a 
pilot would have made an unequivocal statement regarding safety if he 
had seen anything in the procedure that he considered unsafe. It has 
been further assumed that he would also have reflected this fact in his 
response to question 4 by indicating that he did not consider the pro- 
cedure safe for line operations • Ho such responses were received. 

2, <fThe procedure has tailwind limitations. 

Hone of the guest pilots experienced slgnificmt tailwind conponerits 
in the evaluation. The Project Pilot group Investigaied this fa«^tor 
in the simulation evaluation. They determined that an upper segment 
ttiilwind component of 20 knots maximin is manageable, ' 

3, *The procedure has icing limitations. 

Engine power required for upper segment tracking under average conditions 
does not provide the required for full anti- ice capability, 

4, The two-segment approach procedure increases pilot worlfLoad in some 
areas. This increase does not significantly immet safety. 


• The Project Pilots had tentatively concluded that they would limit 
the use of the procedure if conditions requiring full anti-icing 
capabilities were present or if the upper segment tailwind com- 
ponent exceeded 15 knots. 


Z6 
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>T"QtJESTIONHAinE^SUMi-lARY AND ANALYSIS 

This part of the questionnaire concerns the generally most vital 
areas of pilot activity during an instrument approach. Though the 
questionnaire does not lend itself to fine shadings ^ it is felt that 
It adequately measures pilot opinion as to the relative difficulty 
between the two approaches and is an indirect indicator of how the 
two-segment procedure impacts pilot workload. Tables I through IV 
summarize the results, 

Fhrt I of the Pilot Questionnaire has been analyzed as follows: 

(a) Tables I and II show the distribution of the total marks by 
number and percentage for each of the eleven ranked items for the 
simulator and aircraft questionnaires respectively. 

(b) Any additional written commenta are teken into account in the 

conclusions. Generally these comments reflect some specific, 
reservation or condition which influenced the pilot’s marking 
certain item(s) as he did. - - 

(c) Table III shows the direction and specific number of pilot opinion 
changes between simulator and aircraft rankings, 

(d) Table IV shows the numerical and approximate overall percentage 
differences between the 37 simulator and 45 aircraft questionnaires. 
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table I S1MUL/.T0R ^UESTIOHNAinE SUMMARY (FART l) 


A total of 37 evaluation pilots coniplotod the questionnaire In the 
simulator phase# Ilot all pilots commented on all categories. The 
percentages shown in each category are based on the total responses 
received for that particular item* 


RANKED ITEM 

[standard ll£ADDraaoh 


Two-Sejtment *A pproaeh 

Slgoifloantly 
. JSssler 

Slightly 

Easier 

No 

Difference 

Slightly 

Easier 

significantly 

Easier 

A. Autoetlot UMse 


10 { 21 %) 

27 (73^) 



B. Fllcht Dir. FoUowtnff 

1 (2.8^) 

18 (48.6:5) 

18 (48.6^) 




1 (2.7:5) 

22 (59.555) 

13 (35.U) 

1 (2.7%) 


D. Fit. ProcresB AmnineUtton 


13 (35.256) 

23 (62.3%) 

1 (2.5^). 


E. Inat. Sctnnlne RocnilrementB 

3_l8.1i5) 

23 (62.2^) 

11 (29.7%) 



F. Alrioeed Control 

3 (8.1S5) 

25 (67,6^) 

9 (24.3%) 



G. FUo Management 

1 (2,7^) 

5 (13.556) 

31 (83.8%) 



H. Trim Control 

3 (8*1?5) 

16 (43.3^) 

1*? (45.9%) 

1 (2.7%) 


I. Pre-AoD. CockDlt_Set-uR _ 


21 (58,4^) 

14 (38.9%) 

1_(2.'^1 


J. Radio Commufli cations 



30 (96.9%) 

1 (3.1%) 


K. Check list Manaaement 


3 (9.0:5) 

29 (88.0^) 

1 



TABLE I > PILOT RESPONSE SIBIMARY ( SBIUUTOR) 


TABLE IT - AIRCRAFT QUESTIOimiRE SUl»mRY 


i total of 45 pilota completed the aircraft quostionnairc. In some 
categories, not all of tho pilots ranked a given item. The percent- 
ages shown are based on the total responses to that item which wore 
received. 


RANKED ITEM 

latMiderd ILS Approach 

y/^x/A 


mmm\ 

Slgntflcsnlly 

Easier 

Slightly 

Easier 

No 

Difference 

Slightly 

Easier 

Slgnlfloantly 

Easier 

A. Autofiilot Utaxe 






B. Flixht Dir. Followinx 







1 (2,231,) 




19^^^8111 

D. Fit. Procrest Anounoiation 






E. Intt. Soannlnc Recnilrementt 

2 (4.4^) 

29 (S5,9%) 

12 (27.5^) 

W8BM 


F. Airspeed Control 












H. Trim Control 

2 (4.556) 

18 (40.0^) 




I. Pre-AoPj Cockpit Set-up 




mu 

' 





RSB9I 


K. Check list Minacement 


2 (4.656) 

40 (93.256) 

1 (2.355) 



TABLE II - PILOT RESPONSE GUIS-IARI (AIRCRAFT) 





























TABLE III - SBBOIFIC OPIIJION SHIFT SM-IARY 


A total of 35 pilots completed questionmdres for both tho oiinulator 
and aircraft. Table III sliows tho direction which specific pilots* 
opinions shifted between their simulator and aircraft rankings, e.g. ; 
Item B - One pilot cluuigQd his opinion in tho simulator (significantly 
easier) to slightly easier in the aircraft? three pilots cliunged from 
sllglitly easier to no difference, etc. 



LEGEND: 


1 / 47 ' >* 4 - 

XSim /Aircraft 
fc Ranking L Ranl:ing 


Number of Opinion 
Changes Between 
Sim and Aircraft 


TABLE III > SFSCIFIO OPINION SHIFT SUMMARY 
~ (Simulator to Aircraft) 


- 52 - 















(BgIov Fi{juroi3 Based on 37 Sisi QuestionnairifMi; 45 Aircraft Quoationrmiros) 


RANKED ITEM 

iKtatiriarH Tia Ainwjtli 


Two-Ses»sat Approsoh 

SifoUloantly 

Easier 

SUghtly 

Easier 

No 

Differenoe 

Slightly 

Essltr 

Significantly 

Esslsr 

A. Autopilot Uaane 


S 10(27^) 
A 10(22>J) 

S 27(730 
A 35(780 





JiM-to-Acft A'Lt Gt,fiinf '0 # (‘X) 


o(-5:«) 

+8 (+50 



B. I'lidit ]Dir. Following 

s 1 ( 3 %) 

S 18(43.55: 
A 19(43tO 

S 13(48.51 
A 24(550 


A 1(2^) 


" « " 

-X(-3^) 

+l(-5.5r>) 

+6(+6«50 


+i(+2:^) 

C. Injtrvffinmt Tntf rpretution 

S 1(3?J) 
A i(2:t) 

S 22(59p) 
A 22(49'p) 

s 13 ( 35,0 

A 21(4?0 

S 1(30 
A 1(20 




o(-ri) 

O(-lOiS) 

+8(+120 

0(-lO 


2 . Fit. Proii;rQ38 Armunciation 


B 13 ( 355 :) 

A 8(l8jt) 

S 23(620 
A 36(8C^^0 

S 1(30 
A 1(20 



II 


-5(-17jS) 

+13 (+180 

o(-iO 


E. Inst, Scannin,! Requirements 

S 3(8^) 
A ZU%) 

S 23(62,0 

A 29(66^) 

S 11(300 
A 12(280 

A 1(20 



II 

-K-4J0 

+6(445:) 

+1 (+ 2 O 

+K+ 2 O 


F. Airspeed Control 

s 3 ( 8 f.) 

S 25(68^) 
A 32(711) 

S 9(240 
A 12(270... 




II 

-2(-65J) 

+7 (+31) 

+3 (+30 



G, Hap Kanai'cmcnt 

S 1(3^) 
A 1(2;J) 

S 5(13:0 
A 6(130 

S 31(840 
A 38(850 




II 

O(-l^) 

-i(oO 

+7(+lO 



K, Tririi Con'irol 

s 3(8^) 

A 2 U%) 

3 16(43:0 
A 18(400 

S 17(460 
A 25(560 

S 1(30 



it 

^l(-4%)_ 

+2 (-30 

+8(+10O 



I. Pre-App. Cockpit Set-up 


S 21(580 
A 22(490 

S U(390 
A 23(510 

3 1(30 

- >... 
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II 


+K-90 

+9(+120 

-K-3'O 


J. Radio Ccrr-unications 



S 30(970 
A 29(970 

S 1(30 
A 1(30 



If 



+9(00 

o(oO 


K, Check List Management 


S 3(90 
A 2(50 

S 29(880 
A 40(930 

S 1(30 
A 1(20 



II 


-l(-40 

+11 (+50 

0(-lO 



WUGINAL PAnt! to TAELE IV- SIM-AIBCR4ST NET DIFFEREHOES-SHMiRY. 

(pilot Questionnaire - Part l) ^ 33 ^ 
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The Pa^t I anulysia ehows the following: 

(1) Of the 35 pilotc v/ho subsiitted queationnalree. for both tho air.u- 
lator and aircraft, apocific pilot opinion Dhifted toward the 
”no difference" ranking in almost twice as many caijcs as an 
opinion shifted from "no difference" toward some preferential 
ranking (see Table III), Hov: much of this opinion change should 
be attributed to the additional learning and accomodation factors 
resulting from eight additional approaches in the airplane and 
how much is the result of real-world vo simulation environment 
cannot be objectively determined or stated, 

( 2 ) Of the eleven categories rated, instrument interpretation, scanning and 
airspeed control categories shov; a considerable majority of the 
pilots indicating that the ILS was slightly easier than the 
two-segment approach (Table XV), Specific pilot shifts in this 
dlrention were heaviest (5 to 2) in instrument scanning (Table III). 

How much of this shift should be attributed to a change from the 

FD 109-A in the simulator to the FD 108 in the aircraft cannot be 
determined; The fact that significant majorities exist in both 
the simulator and aircraft questionnaires, however, would indicate 
that these items appear the generally most difficult part of 
pilot activity in the two-oegraent approach, 

(3) Table IV summarised the net pilot count and percentage of total 
differences between the simulator and aircraft Part I question- 
naires, These reflect the specific opinion shifts in Table III 
plus the larger sample from the aircraft (45) vs simiilator (37), 

It can be seen that the only two items which registered pilot 
number and percentage gains between the aim and aircraft are 
instrument scanning and airspeed control. All eleven ranked 
items show both number and percentage gains in the "no difference" 
ranking, AH of the items ranked "ILS significantly easier" in 
the simulator show numbers shifts toward a lesser preferential 
ranking except the one pilot who marked Item C and the one who 
marked item G and did not moderate his opinion after the air- 
craft evaluation. 

The Part I analysis is weighted in the conclusions related to 
the pilot opinion of the safety aspects of the procedure be- 
cause it is an indirect measurement of those areas of cockpit 
activity which are impacted by the two-segment procedure. 

If a task in the two-segment approach is ranked as appreciably more 
difficult than the same task in the standard ILS, the presump- 
tion has been made that there is an impact on safety for the 
reasons relating to workload stat^ earlier. 

The following findings from the Part; I aiwlysis have been 
considered in the conclusions regarding safety: 

(1) Instrument scanning and airspeed control are ranked slighLly 
easier in the ILS by about 70% of the evalilatlng pilots. 
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While th'i term •*Qllghtly.eas3.«:'i‘'' ia ail inexact ntutiBticul 
term, in the context used In tills finding, it has been inter- 
preted as indicating that most pilots in the group felt tliut 
these factors did not impact their coclipit activity to the point 
of being detrimental to safety. 

(2) The group io split fairly evenly between “no difference” and 
HUS slightly easier” for flight director following, instru- 
ment interpretation, trim control and pre-appronch cockpit 
set-up categories. The significant fact which is shown in 
Table III is that the aircraft flight shifted opinion to\/iU‘d 
"no difference" more heavily than away from it. In addition 
most of the larger aircraft sample (45 vs 37) appears to 
have fallen in the “no difference” category, even without 
benefit of the shmilator familiari^iation period (Table IV). 

The finding - regarding these categories as they affect workload 
(and therefore indirectly affect saiety) is that those factors 
have negligible Impact upon the overall safety of the prncedure, 

(3) Tile remaining items are heavily ranked as “no difference” 
factors in cockpit activity. 
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ijTATISTICAL DATA AliALYSIS OF FACTORS BELATED TO SAFETZ - 


Three principal annlyaoa of the aircraft recorded data have been made 
in connection with drawing conclusions regarding tlio overall safety 
of the procedure: 

(1) Aircraft displayed vertical deviation fron profile center. These 
plots are derived from data which measured the deviation displayed 
on the HSI vertical deviation indicator. This was averaged and 
noi'malized in 0,1 NJ<. increments (see Appendix III). 

(2) Pitch and roll activity has also been analyzed. These factors 
servo as an Indicator of how the pilot's physical workload in 
flying the two-segment approach corapares to his HE workload 
under the same conditions, 

(3) Airspeed control v/ith emphasis on the glideslope transition. 

In tho above cases, more detail is included in the analysis accompanying 
Lhe plotted data. 


■ } 

PLOT 1 --^^RA^- VERTICAL-DEVIATION FROM rROFILF- CENTER 

These four approach plots show aircraft deviation (in dots) from the 
verticfil profile center. In the first approach, the deviation refer- 
ence Is the IIS glideslope. In the three two-segment plots, vertical 
deviation reference is the upper segment from the 6 N,M,..point to 
glideslope capture point (about 2,3 II.K.). For the remainder of the 
a|'i>roach, reference is the ILS glideslope. 


The deviation scale used on each of the four .approach plots is i 1 
dot. This is blown up to facilitate plotting and visually con- 
poring the data. Upper segment deviation dlspla;/’ sensitivity is 
linear at 250 '/dot. ILS glideslope deviation display sensitivity 
is 75 nicrc-amps/dot as with the st: fidard ILS. 

The discor>tinuity in the 2-sognient ijlots Is the result of^the system's 
EhiftJng its deviation reference from Upper Segment to IL3 Glideslope 
at Glideslope Capture Point ("G!JDB SLOJE" GREEi) 








H^T 1 ANALYSIS 


This data analysis shov/a how closely the ali’craft wuo Tlown to tho j'l’ti- 
fllo vortical center (upfjar segment und glidealopo centers) iVon the 
pre-capture point onward to about 0,4 N,M. from touclidoim. 'fhoao aro 
all manually flown f3,ight director approaches. In tho following 
analyses, deviations will be expressed in dots. The statistical terra 
sigma will be used to signify one standard deviation. The value of 
sigma Is also expressed in dots. It can bo seen from the Plot 1 
labels that the solid linf- represents the statistical average in all 
cases and the dashed lines show the + 1 standard deviation envelope. 


First Approach (Flight Director ILS) - As expected, U:e standard ILd 
was well-flown. It can be seen that the maximum average deviation 
after glideslopo capture (0,42 dots, sigma 0,269 dots) occurs at 4,6 
N,M. At this distance from touchdown, this is a vortical deviation 
of about 65' high. Correction back to within 0.25 dot has been 
accomplished by 4.0 ?I.M. Average deviations thereafter remain 
substantially less than 0,25 dot. The closer the aircraft approaches 
touchdown, the deviation in feet from glideslope center becomes pro- 
gressively smaller for the same displayed deviation (in dots). 

Second Approach - (First Flight Director 1‘wo-Segment ) - Ti is is the 
first two-segraent approach of any type that the pilots flew in the 
aircreft. The average upper segment overshoot maJ'lmixes at 0,46 
dot, sigma 0,336 at 4,8 N.M. This overshoot Is 115', Correction 
back to 0,25 dot has been accomplished by 4*4 ai^d remains less 
than this for the remainder of the approach. The vertical deviation 
reference shift which occurs at glideslope capture point (nominally 
about 1050' (AFL) 2.85 N.M, DME) causes a momentary statistical 
"blackout" on this kind of a plot during the initial portion of the 
glideslope trajisition. Since this data is normalized In only n.l 
N.H. increments, it must be realised that at glideslope capture point, 
the actual deviation swing is nominally to about 1,75 dots high 
instantaneously. The plot from that point onward is a good indice tor 
of how wen the remainder of the approach was flciim. 

On this approach (the pilot's first 2-segment approach in the airnlane), 
the group was holding slightly above Upper Segment center (0.2 dot, sigma 
,568 at 3.0 n,!Ji.) just prior to Glideslope Capture point. This forced th 
capture point slightly closer to touchdown tlian nominal. 


Becauee the glideslopo capture point was forced slightly closer to 
touchdovm by riding the upper segment slightly high, it follows that 
the point at which deviation from glideslope becomes 0,25 dot 
or leas is closer to touchdown. It can be seen by comparing the plots 
that tills is the esse. On the second approach, deviation becMiiO 0.H5 
dot some\/here between 1,9 N-M. (o,27 dot) and 1,8 N.M. (0.18 dot). 

On the third and sixth approaches (both of which are vci*y close to 
ntMinol) , d iviation become less than 0,25 dot between 2,1 and T.C 
After glideslope capture, it can bo seen that the group 
slightly below glideslope (maximizes at 0,2 dot sigma 0,338 at 0,9 
N.M., which is approximately 15' low at this point), 

Thiid and Sixth Approaches - (Second and third Flight Director Two- 
Segment Approaches flown in the aircraft) - The initial upper segment 
overshoot on these two approaches is very nearly the same as the second 
approach above (first two-segment approach). Both of these approaches 
show tighter upper segment tracking from the 3,6 mile point onward. 

The glideslope capture points and glideslope stabilization points 
are very close to nominal, A particularly important point to consider 
is the significantly tighter 1 sigma envelope which is in both cases 
as tight or tighter than the standard ILS envelope, 

FUNDINGS FROM THE PLOT 1 AXALYSIS - 

1, Average two-segraent vertical profile tracking accuracy by the 
pilots in the sample was consistently comparable to ILS tracking 
accuracy throughout most of the profile, 

2, Initial average overshoot of Upper segment is only slightly 
greater (In feet) than the average overshoot. The group 
required about 0,6 miles to correct back to. within 0,25 dots 
after overshooting the II£ and* only about 0,4 mile to correct 
back to withiR 0,25 dots after overshooting upper segment. Since 
upper segment capture requires a flight path angle change of 
about twice that required for ILS glideslope capture, it is felt 
that the upper segment transition was as well or better flown 
than the ILS transition, 

3, Cn average, the group flew "very slightly througn US gllde.'-lope on 
transition from upper segment. The largest deviation below glide- 
slope is 0,21/sigEta ,326 dot on the third ^preach (second tv/o-oeg 
nent) at 1.3 miles from touchdown. The maximum foi- the 97 flip it 
director two-segment approaches (Plot 1-A) is C,1 6 /sigma dot 
at 1,2 miles. On the standard ILS the pilots were clighiiy bolou 
glideslope from 3,3 to 2.1 milos and were 0.14/sigma ,222 below 
at 0,7 miles from touchdown. At 0,4 miles they were 0,l6/sigisa 
low; although this is the area at which the data scatter starts 
bocomo fairly large on all of the approaches. The point in tlrio 
conparisen is tiiat deviations below glideslope out. of the transition 
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from upp«r •egnant ; are of substantially the eatne magnitude as 
deviations after s tabulation on glideslope in the standard ILS, 
and in all eases, these deviations are less than 0«25 dot. 

4. The data scatter inside of 0,4 from touchdovm precludes 
accurate analysis of group performance at Category II DH 
(100*AGL). This appears to be principally the resiilt of breaking 
the approach off slightly earlier than this, (Of 60 two-segment 
flight director approaches considered, recorded dt'ta shows 
application of power for Gc-Around in 48 of the sixty cases at 
0,4 miles or greater from touchdown). 

In the last mile (from about 300*AGL at 1 mile to about 122 'AGL 
at 0,4 mile), the group average deviation from glideslope was 
about 0.01 dot high for the 115^ 0.14 dot low for the first 
two-segment approach; 0,03 dot low for the second two-segment and 
0,03 dot low fer the third two-segment (6th approach). 

VJhile it cannot be stated as fact that at Category IT DH, 96^ 

(+2 sigma) of the group would have been within Category II 
tolerances, the analysis of the approach down to 0,4 
(122 ’AGL) strongly suggests that they would have been well within 
Category II tolerances at DH if they had continued down to 100* 
AGL before applying go-around power. 
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PLOT 1-A ANALYSIS 


This plot ohov;s the larger statistical sample average (97 flight 
director two-aegment) plotted against the average auto-coupled 
manual throttle tracking performance (based on 54 two-sogmont 
approaches). 

This plot shows the following: 

(1) The upper segment pre-capture profiles are nearly identical. The 
autopilot maximum overshoot is slightly smaller and is a gen- 
erally more deliberate transition Tuaneuver. The deviation wash- 
out is more deliberate on autopilot than when the approach is 
manually Tiown. 

(2) Approaching glideslope capture point, the flight director and 
autopilot deviations from upper segment are very close to equal. 
The pilots flow slightly tighter on flight director than the 
autopilot flew the same portion of the profile. 

(3) The deviation excursion differences in the 3»0-2.6 N.K. range 
suggest that the pilots started to anticipate the transition and 
thus delayed glideslope capture point by a small amount. Tlie 
autopilot plot suggests that it continued to correct toward upper 
segment and at the approximately nominal 2.8-mile point, upper 
segment capture point was reached and the deviation reference 
svdtched, which accounts for the discontinuity which is shown 

at that point. The transition shows that the pilots completed 
their transition a little faster than the autopilot (they 
started slightly later and were on glideslope center slightly 
earlier). This faster correction probably accounts for the 
slightly greater deviation below glideslope, though it should be 
recognized that the difference is very small between flight 
director and autopilot. 

At the 0.4 M.M. point, the turn-up of the flight director plot 
and the turn-down of the autopilot plot are partially from small 
sample sizes and other factors which affect data scatter. It 
shovild be remembered that at this range, the beam is very tight, 
and deviations (in dots) this close in represent very small 
displacements (in feet) from beam center. 






Fi:OINGS FROM PLOT 1-A AmYSIS i 

1. On average, tho plloto flew the approach on flicht director as well 
u ;5 tho autopilot flew it# Tho slightly more rapid corrections back 
to profile center on flight director as compared to autopilot are 
characteristic of human judgment and reaction factors as ccupared 
to the mechanized correction rate of the autopilot when it is this 
close to beam o^ter, ' 


2 » As with plot 1, the data scatter and statistical sample size inside 
of 0.4 miles precludes accurate analysis. In the 1-mile to 0»4-mile 
range, the pilot group were maintaining very small deviation toler- 
ances. The data suggests that at Category II DII (100 ’AGL), it »ls 
reasonable to assume that 96 % (2 sigma) would have been within 
Category II vertical deviation tolerances if they had continued 
to this point prior to applying go-ai’ound power. 
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FLIGHT DIRECTOR PITCH CU-IMAHD K)LL0W1MG 


Plots 1 and lA show hov( clooeljr th« Pilot (Iroup tracked the zero vorti- 
cal deviation profile • Plots 2 and 2A show how closely the pilots 
followed the flight director pitch connnaiids throughout the four differ- 
ent approaches analyzed. As with Plot 1, the solid curve is the statis- 
tical average. The dashed curves represent the ± 1 sigma envelope. 

In interpreting Plots 2 and 2A, it is important to recognize that when 
the pilot is maintaining the commanded pitch attitude at any given 
point on the profile | the pitch '•command bar displacement should be 
zero. While these curves are plotted as pitch coijnand bar displacement, 
the real meaning which should be attached to them is that the Pilot 
Group were maintaining a pitch attitude which was at variance with the 
attitude needed to track the zero" vortical deviation profile. 


PLOT S AKALYSIS 


meht Ulrqctor (Flrat Approach) - Au oxjKsotod, tho Group flew 
<-ho rllf'ht (Jlr«icior vory t,ightly on the ILS approach Trora glldesloixi 
c/jf)ture oawt^ni. In the 5-to-4-fnilo range, the omallor sample held 
their attitude slightly high (command bar slightly low) which 
accounts for the longer period to correct back to glideslope after 
initial overshoot discussed in the Plot 1 analysis. The larger 
sample (Plot 2A) on average, held a slightly lov/er attitiide than 
coflimanded. In both cases, however, these are fractions of 1° for 
the entire approach. 

Second Approach (First Two^Segment Flight Director) - This apjv- 

/ roach turned out vory much as expected. Frcan upper segment capture 

i' 

point (about 6 'I.H.) onward to glideslope capture point, one sees 
the pitch attitude being held high. Plot 1 verifies the expected 
result in that the aircraft remains above upper segment all the 
way down. Also, as expected, the 1-sigma envelope is quite large 
until approximately 1,4 N.M., which is about the point at which the 
Group is back on the familieir '•ground" of the ILS glideslope. 

k 

T hird and Sixth Approaches (Second and Third Two-Segment F/D Approaches) 
The Group follows the flight director very well on these approaches 
in the upper seginent regime. The hold-off after initial overshoot 
in “the third approach, particularly, is of shorter duration than 
after the ILS overshoot. Both of the glideslope transitions show 
more of a reluctance to pick the nose up than on the second approach. 
Plot 1 shows the Group flying directly through the glideslope and 
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catchinf; it with n omooth correction back toward center. The 1- 
si({iaa envelope on Uie third approach lo nurticularly t^ood. The 
oljcth in very (.;ood from about mid-upper aograent onward, Nothinc 
elsewhere in the data explains tho relativoly large scatter in 
the 6-to-4. 5-mile range. Plot 1, however, shows that despite this 
scatter, tho profile was the best- flown of all (including the IIx>) 
in this mileage regime* 

Plots 2-B (l) and (2) - These plots bring the flight director 
following and aircraft vertical deviation plots together in order 
to show the approximate magnitude of the vertical deviation from 
profile which resulted from the Qroups! flight director fcllowing - 
errors. They are self-explanatory and will not be ftirther analyzed. 
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OONCLUSIONS FROU aOT 2 A11ALY3I3 


1, With very little practice in the procedure, the tranwition to upj;or 
segment can be well- flown. Likewise, tracking accuracies on upper 
segment compare favorably with ILS glideslope tracking, 

2, Flight Director guidance throughout the profile appears to be correct 
and accurate, 

3, Tile glideslope transition maneuver appears to be proi^orly commanded. 
The Pilot Group, on average, flies very slightly through the glide- 
slope but consistently corrects back and does not exceed Cat II 
vertical deviation criteria. 
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Plot 3 Airspeed Control and Thro title Aeilvlty 


In Hyht of al.'^nific&nt number of pilots who ranked alrspeod 
conl-rol no boSng slightly koto difficult in the two-sopment approach 
than in thn IL3, a cotnparisori of power control demands between tho 
ILS and two-segment approaches hac bfon made in Plot 3. As with 
the pitch and roll activity comparisons, a finding that the two- 
segment approach significantly increased this part of of the 
pilot physical workload would influence the overall conclusions as 
to the safety of the procedure, , 

The airspeed profiles in Plot- 3 show exactly what was to be expected. 
The pilots flew good ILS speed profiles. At the typical gross 
weights at which the IIi> approaches were flown, target speed was 
about 14C KIA3, In the two-segment approaches (flown generally at 
lighter weights than the Vref was typically 137-135 KIAS, 

The profile shows good Upper Segment stabilisation at Vref+10 with 
a good 10-knot bleed to Vref in the glideslope transition regime and 
slightly thereafter, For purposes of this analysis, it has been 
assumed that the pilots flev; both types of approach to the same acc- 
uracy standard as regards airspeed scheduling. Differences in power 
control activity are therefore considered as an index of relative 
pilot physical workload as regards power control. 

In interpreting the throttle activity portion of Hot 3, it should 
be recognized that this was summarized in 0,1 n,m, increments. The 
plotted values represent the sum total of the advancements and retard- 
ations which occurred in the previous 0,1 n,m, expressed in percent 
of available throttle movement. This was measured by a transducer 
on the throttle linkage and calibrated 0-100^ between flight idle ad 
the position corresponding to lOO^RIM, 

The throttle activity plot is consistent with the special power con- 
trol demands of the tvo-segmont approach. The sudden rise at approx- 
imately 6,5 n,m, corresponds to the range at which the vertical dev- 
iation bar in the, HSI starts to move dovmward from two dots. Although 
not plotted, a similar rise (vAiich is less sustained) appears in the 
n,S data (Appendix III), Activity remains higher in the Upper Segmei t 
transition and stabilization than in the ILS which shows three distinct 
activity demand points between 5.2 and 3.2 miles. As is to be expected, 
power control activity rises again in the two- segment approach during 
the transition from Upper Segment to glideslope. It is important to 
recognize that this is the portion of the proHle in which speed bleeds 
from Vref+10 to Vref on glideslope. A significant point is that after 
the 1,3-mile point onward, power control workload demands for the ILS 
exceed those of the two-segment approach. 
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Findings from Plot 3 Analysln 


1 • Power control pilot workload in the Upper Segraont transition of 
the two-segment approach is higher and more sustained than the trans- 
ition to glideslope in the standard ILS, 

2, The power control workload factor again er'ioedo the demands of the 
ILS in the glideslonf* transition from Upper Segment, This Is to V»e 
expected since no such maneuver is required in the ILS after initial 
transition, 

3, Based on this data, the pilot group diverted more activity to 
pov'er control in the final portion of the ILS than in the two-oeg- 
ment approach to maintain the same speed control performance, (i'lote; 
Data cut-off is at 0,7 n,m, because, as stated earlier, of the 60 
approaches considered, power applications for go-around occurred 

in the great majority of cases in the 0.4^0, 7 n,m, range). 

4* After the large power adjustment at about 6,5 miles, the 
magnitude of power control activity is no larger than that for bhe ILJ 
except that it is more sustained in the two transition areas, 

5* After initial overshoot correction, power and speed stabjlization 
on upper segment are excellent. In this range, the group encountered 
considerably power control activity on the ILS, this being 2-3 miles 
after glideslope transition. 
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Pitch and Roll Activity 


These twc purametora were recorded in tlie eveluaticn in order to deter- 
mine the relative physical effort expended by the tllot in flying the 
II£ and the two-segment approaches. 

Plots 1 and 1-A have shown that the group tracked the vertical nrofile 
of the two-aegment approach as v/ell as they tracked the US profile. 

A comparison of localizer tn eking perfcmance (AppcndixIII ahewa 
negligible differences in lateral tracking performance. For purpeadr 
of this analysis, it has therefore been asairned that pilot tracking 
performance is substantially the same on both types of approadi. a 
comparison of pitch and roll activity between the IhS and two-segi?.ent 
approach therefore becoiaes an index of the relative physical i-orkloud 
in flying the two approaches to the same performance standard. 

Plots 4, 4-A, and 4-B make this comparison. Pitch activity is ex- 
‘ pressed in dogrees-scconds. Control column movement from triiuned sero 
(in either direction) tiir.es the number of seconds the column is dis- 
placed;; have been summed in 0,1 I’lM increments in Appendix III, Holl 
activity has been similarly derived using control wheel angu3.ar displac* 
ment. 

Given the assumption that the group tracked both profiles with sub- 
stantially the same accuracy, a comparison of pitch and roll octivlty 
levels between the two types of approach (flight director ILS and 
flight director two-segment) will bo used as a factor in the conclus- 
ions regarding the safety of the procedure. Any significant inci'caso 
in overall workload (or in some specific portion of the approach) will 
be reflected as having a potential impact on safety, By the cfiRt 
token, negligible differences will bo interjjreted an indicating thi'it 
the two-sagment approach does not impact safety relative to the IL3 
approach from the pilot workload standpoint. 

Plot 4 Analysis 

Plot 4 makes two separate pitch activity comparisons and one roll 
activity comparison. In interpreting the two pitch activity plots, 
it is impertant to recognize the very small scale factor. This scale 
has been blc\^n up to facilitate plotting and visual comparison. It 
is one-tenth the scale used on the roll activity plot. 

Flight Director Pitch Activity - ILS vs Two-Segment (Hot 4) 

One important point is shown in this plot. This is that the average 
pitch activity for the two-segment approach is corsistently less tlian 
that required for the standard II>S. It can also be seen that, except 
for the two points on the two-segment approach vihere incri&a..ocl! activity 
would be e:q 3 ected (upper segment and glideslope transitions), the 
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activity Ir-vel is very st».'ble thrcUi^hout until nbou^. thrj 1,4 JS-i point 
at which til e It risen* It should be noted that activity on the IW> 
also risen at this point and that the rise in IhS activity Is mn.rly 
double that shown 1‘or ^he two-ae{?r.ent in the naJae pot'ticm of the 
approach. It should also be recoi^nizod that this rise is characteristic 
of a precision approach in v;hich the be?« is narrowing mall the <ilol 
concentriites rsore ht avily on maintaininf! v^ry small deviations. 

Two-Set^ent Pitch Activity - Fllnhi Director vs Autopi lot (plot 4) 

This plot is consistent with the differences noted in Plot 1-A. Acti- 
vity is suhsl&ntially the same in both cases until correction b;ick to 
upper segment after initial overshoot. At this point, the rii'^ht 
dlres'^or pit'*‘r, activity is stable but slightly higher than autopilot 
pitch activity. This ecccunlK for the earlier correctioh bach io 
Upper segment ohovns for the flight director than the more deliberate 
autcpllot correction shown in 1-A, Flight director activity Is cen- 
siderfbly higher in the gli^eslcpe transition porticn, but this is also 
consistent with Flct 1-a which appe? rs to reflect a slightly mere 
rapid trfnsiticn wheo bf-;ng hand flovin than when on outrpilot, Glide- 
slcpc stabilization and approach ccmrletion levels are nearly idcnticjil 
both in magnitude of activity inert aoP' and in general level, 

Tvo-3egment Roll activity - Flight Director vs Autopilot (Plot 4) 

Two t'ointa ctn be Kvide from this plot. The first is that there is a 
characteristic rice in activity as the aircraft gets nearer to 
touchdown, TMs is rri ncifal-ly the result of the narrfiv.inj_; of the 
localizer 'J'his is tjn>c cf both the aiitpnilot wnd f’ight dir- 

ecter plots. The second point is that there is no sifpiif leant 
general (or specific) differmce betvecr; the hand-flovm flight iUrecter 
and autc.vilct activity throughout the approach. 





PO&R QuAJ^M 


Detailed Pi t ch Activity 3jd u>nl 6th V^DnrQ/ichoa (Plot 4-A) 


The complexity of the dotal led pitch activity plot of the four appronchco 
must be conoidored in lifjht of the greatly expanded legreos-seconda 
scale which it wee neceoaary to use to separate the plots from each 
other. The approxiniately averaged curves appears below the detailed plot. 

The important facts which this plot shows are; 

Cl) The general level of pitch activity of the IIS and the two-segment 
\ approaches is generally the same throughout the approaches, 

(2)(\ There is a characteristic rise in pitch activity from commencement 
I of all of the approaches to the point at which the approaches 

i! were broken off for a go-around. 

1 :' 
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Detailed Itoll Activity - 1st, 2nd, 3rd> and 6th Approaches (plot 4 ^b) 

Thin plot compcrorj tho roll activity IfjV'il*' of the director 

XUi and the thrc.o director two-ac(j3C;nt approaclion flown by tho 

19-pllot Btotiytlcal auirtple uacd for the l8t-2nd-3rd-6th (ipproach 
analyoic. It ohov;D a eomowhat hij^hor roll activity level for tho two- 
•oginent unprooch ineldc of approxi'Mtely fjlidoalope capture point (about 
3 liM), Sor.o of this la tho result of data scotter of the smaller 
statistical swaple. If the roll activity of tho larger sample in Plot 2 
is superimposed on this plot, the activity ia still slightly higher 
than tho US, but only very slightly. 
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1, The two-3egment approach does not significantly lu)f>acb pilot 
physical workload in controlling the airplane’s pitch attitude in 
performing to substantially the same vortical and Intoral deviation 
standards as in the II£. Since the two-segment approach effectively 
entails an intercept from below and followed by a second intercept 
from above, it is felt that this factor would show significant 
overall differences in pitch control activity if it were demanding 
more pilot attention than the 

2, Roll activity is slightly higher in the two-segment than the U«S 
in the final portion of the approach. It can only be surmised 
that the sum total of pitch change and airspeed control in the 
glldeslope transition regime demanded more of the pilot’s attent- 
ion than would normally be demanded in the ILS, 

Conclusl otig. Re gardinR Overall Safety of the Two-Segment Approach 

prqce^^r e 

1, The procedure is acceptably safe, 

2, The systta as evaluated provides adequate guidance for use in IFR, 

3» The two-segment approach crew procedures and techniques are not 
significantly different from the standard ILS in any way which de- 
grades safety, 

4. The profile transitions are safe and easy to fly. At these points, 
pilot workload is slightly higher in power and attitude control than 
in the ILSj however, this increase does not result in any apparent 
unsafe tracking porformance or in undue diversion from other essen- 
tial cockpit duties. 


5. Typical engine power settings required for upper segment tracking 
under representative conditions are acceptable. Under some above- 
the-surface tailwind conditions (which exceed permissible surface 
tailwind components for landing), engine power might be too low for 
full anti-ice capabilities, without the use of moderately assy- 
metrical engine power. Under such conditions, the procedure would 
probably not be recommended. 


6, Upper segment descent rates are acceptable except under some above- 
the-surface tailwind conditions. As with 5 above, these conditions 
would be f-'T winds exceeding permissible landing tailwind components. 


7, Glldeslope transition and stabilization altitudes are safe and 

acceptable. (Note: Several pilot comments related to this factor 

indicated that the altitudes tised in the prpeedure were safe but 
that lower altitudes than these would not be acceptable.) 
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IS THE TVO-SEGl^NT SYSTEM AKD 
PROCEDURE OPERATIONALLY 
PILar-ACCEPTABLE 


CJ A I 'I'lO 'ii V /4 

f-t^oiiiriFiGRH’ri^i^oai ;mniK li. tlTi' 


'r-L -(rr;^i(j(-^-M1‘A-H]..H ? 


Two principal objectlvaa were Involved In the Guest Pilot Evaluutiont 
The first was to establish that the procedures were safe for use In the 
slx->month In-service evaluation lAlch was to follow* The second was 
that the group should evaluate the procedure frcm the standpoint of 
whether they, as pilots » felt that the procedures would be operationally 
acceptable to the general pilot community. 

It was recognised that the pilots would be making their judgments from 
a "test tube" envlronnent which lacked many of the every-day el^wnts of 
air carrier operations (revenue passengers aboard, interfacing with 
other scheduled traffic In a heavy- traffic ATC envlronnent, etc.). It 
afforded the best opportunity, however, to "try it on for size" before 
going into the in-service evaluation where these missing elements would 
be present. 

No two pilots were expected to use exactly the same "yardstick" for 
accepting (or not accepting) the procedure* Question 4-A ws framed 
to elicit each pilot’s comments regarding whe-^er it was operationally 
sound and acceptable* Its companion question (4-B) was intended to 
show the principal basis upon which he had judged the procedure as 
operationally acceptable (or lacking). Questions 5 and 6 were exten- 
sions of the broader question 4* It was felt that the transition man- 
euvers and the Inter-transltlon portion of the profile (to \diieh 
questions 5 and 6 were addressed) represents most of what was new and 
un-familiar, and would therefore yield comments bearing on conclusions 
regarding acceptaucc by the Guest Pilots* Pilot responses to ques- 
tions 4-A-B, 5 and 6, along with the Part I responses, therefore foxin 
the princip^ basis for conclusions related to pilot acceptance* 

As with the preceding safety analysis, certain performance data de- 
rived from Appendix fllwiU be given appropriate weight in any con- 
cluelons to which the data pertailns. 

Because the basis for comment (particularly in question 4-A) is poten- 
tially very broad, an attempt to categorize the comments under a few 
general headings has been made. The verbatim comments (and any sub- 
sequent correspondence) are contained in Appendix I. The general 
categories and their rationale are: 



<1) PUot Work load and/or Phrslcal Cockpit Aetivltv > In the pre> 

ceding Binalysia of safety, certain indicators of the level of this 
activity were considered an bearing indirectly upon safety if they 
roflect&d an undue diversion of the pilot's attention from other 
essontlfll cockpit activity. In this analysis, those and other 
factors will be treated as having a direct relationship to pilot 
acceptance, on the premise that any pilot workload and/or phy- 
sical cockpit activity demands which are markedly increased by 
the two-segment procedure would make the procedure less pilot- 
acceptable * 

( 2 ) External Factors - This category will relate principally to any 
external factors with which the pilot must cope in his approach to 
landing. The extent to which the effect of these factors is dif- 
ferent in the two-segment approach from the II£ approach will be 
given appropriate weight in the conclusions. 

( 3 ) PrQfile_And_Erocedures Considerations - Comments relating to 
profile geometry or to approach procedures will be placed in this 
category. 

(4) Miscellaneoua - Comments not appropriate to any of the above cate- 
gories will be placed in this category. 
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QUESTION L A-B SUtmRY km AKALY3IS 
(37 Simulator;] 45 Aircraft (^uestionnairea) 

gUESTIOU A~A - Do you feol the tvo-sesnent approach . .7011 hitve flo\->n can )>o 
flown in normal line operation? 


A-B - v/hat factors are involved in YOur answer to 4-A? 


Question 4 A-B ResnonsQ^umEiags^: 
"Yes" (With no classifiable comment) 

SD^.UUTOR 

3 

AIRCR^lFT 

7 

"Yes" (With classifiable comment) 

33 

36 

"No" 

0 

0 

Classified by content as "IIo" 

1 

2 

Total 

37 

45 


The "Yes" with classifiable comments category is broken down bolov?. 
The totals exceed tlie number of pilots because many responses to 4-A 
and 4 -B introduced more than one idea in a single response. 


Hlot work lond/Cockpit Activity 

SE-lULilTOR AIl^GRAFT 

Vfoi’kload increased (particularly on Flight 

Director. !' 0 1 

If 

Workload not increased (or Tiot //appreciably 

higher than Standard IIS). 5 5 

Good instrumenVation/guidance 1 2 


As easy/easier thain US 


__0 

Total 6 
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External Factors J 


Procedure has icing/tailwlnd limitations 

9 

3 

Proceduro more pilot/paosenger acceptable 
in vjindshear/ turbulence conditions. 

1 

2 

Acceptable with approi;j..^bQ operational 
and weather lif».itatioriS 


JLSL 

Total 

y 

10 

15 

Irofile and ProcKlures 
Prcfile/procedures s>.pls, easy to fly 

12 

9 

Good transitions/s tabiliaation/powcr/ 
descent rates 

6 

o 

Good profile if glideslope stabilization 
is 5CC*(AFL) or higher 

3 

Z 

Total 

21 

17 

Klscellaneous 



4 

Acceptable procedure ^;ith adequate training/ 
familiarity in line use. 

10 

9 

Needs On-Line ox'aluation/greater pilot sample 

3 

1 

Total 

13 

10 

Total ("Yes "-classifiable) 

55 

59 

Classified "No" bi' Content 



Potential safety problems in two-segment; 
can't foresee all problems at this time 

1 

0 

Sink rate/lookout poor 

C 

1 

Crew fatigue-potential safety factor 

1 

0 

CoErpromlses safety for noise abatement 

0 

1 

Total 


*•* 
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jueF.tlon /. A-B Analysis ; 


The tenor of pilot responses to Tiuostion 4-A is that the 

tvfo-S 0 gmcnt &oproach procedures are operationally pilot-accoptablo. 
Only in a fev specific areas is there n significant number of com- 
menta which allude to limitations as to its use in normal line 
operations ; 

(1) Icirg and tailwind limitations, 

(2) Its use down to appropriate miniroums and appropriate 
operating limitations . 

(3) Training and/or sufficient use to permit the pilot to gain 
familiarity with the procedures and/or system management. 


, Per.tion 4 A-B Findings ; 


1. The twe-segment approach procedure can be flown in normal line 
operations with appropriate liiaitaoions related to the external 
factors which affect the use of any approach procedure, 

2. The procedure is pilofc-accoptablc from the vforkload and cockpit 
activity standpoint, 

3 . 1 »e profile geometry is good. The procedure is easy to fly. 


gi^TIOtf 6 - SUl-U-iARY AND ANALYSIS 

(37 Siniulatorj 45 Aircraft Questionnaires^ 


Question !S was intended to explore pilot reaction to the entire upper 
segment transition maneuver. This included; 

(a) Pre-transition annunciation and instrument cues which the pilot 
needs for proper configuration and energ 7 icrinagement. 

(b) Differences between this transition and the standard II£ transitii*n 
ns regards configuration, speed and power control. 

(c) Differences in the ease of following flight director cofffsands in 
the upper segment transition as compared to the standard IIi> 
transition. 

(d) Same as (c) above for auto-coupled transition. 

(e) Differences in crew workload to establish speed and power for 
stabilized upper segment tracking as cempared to the some activity 
in the stands rd II£ . 

(f) Is the transition too abrupt? Too 'ilszy"? 

(g) Is the transition maneuver pilot-acceptable? 

One of the principal criteria used in the procedures development was 
that from the pilot technique standpoint, the two-segment approach wcuB 
be as similar in all respects to the standard IliJ as possible. Tho 
differences between the upper segment and IIjS transitions arc more a 
matter of degree than of technique, the principal differences being in 
the amount of attitude change required, the substantially lower trover 
settings and slight differences in flap management. 




aU53Tr0.7 q H53FC:BE S?J!-MARY 


An exiiralru tion of tho Question 5 vortGiiin responses in Appendix I v/ill 
shov/ niracrous short and succinct comi-ionts such as "smooth - n-** nrobler", 
"ozoeXlent" , etc* ?or purposes f*f this analysis, ouch oo'ttmen to ore 


interpreted reflecting 

euver !n ec'f ptahlo. Tho 
^lavo oelueted o term 

the pl3ob':3 epinion that tho transJtien lU- 
ausumptien Jwa heon made liwL I*o uc<iild e* t 
if ho felt eUierwlne, 


SIMULATOR 

AIHGidli"J‘ 

!fo response 

6 

1 

Acceptable ("sneoth", "no- 

■problem", "eiccellent") •\q 

21 

Acceptable (with comment) 

H 

23 

fjnacceotable 

J2 

_n 


Total 37 

45 


The "acceptable vJith comment" category is broken down below • 3ome 
responses introduced r-ore than one idea in a single response. 

smjLkwn AiiiCMH' 


Pre-capture configuration necossary/noeded 
earlier . 7 

No unusual techniques/trim. 1 

Ok with practice. 

Transition fast/faster than expect6d, 

Transition "lazy". 0 

Transition consparable or better than IIS . 0 

Transition is speed critical. 4 

Transition "net so good". 1 

Plenty of time to stabilise on UPPER, 1 

Better on nanxial throttles/power iranageraent. 0 

Vi'orkload increases (particularly if fast). 

Ok day VER - potential problem night/I?R. 

Total ta 


4 

1 

✓ 

3 

C 


3 

1 

-1 

27 


OUBJTIOH q A JALYJIS 


Thu coranontD indicate very little problem with thii upfcr tran; 'lilf ti. 

The detailed cormneat;:; point up the nerd Toi' nllid^tly warlier i i'o-c'iiij l- 
uro corif If^iratli^in cuen, ilifu criticality rjf propijr entry ppeed'’» and *tf 5 
fact tliat In a rtund)er‘ of eawee t>»o tranniUon vmy r»u*tr-r than I ho rdlnl. 
had ey pec led or thought it phould bo. 

The configui'ation cue problem was recognized curly j heuever, under i'nt* 
circumstances, it vras felt necesuary to accept this ccnalty in fav*":,* 
of a realistic deviation gain (250 '/dot) which was necessary for geed 
upper segment tracking. A gain sv;itch after captiire from abo’^t 5Cr.'/ 
dot (to give better ore-configuration cug.p) to 250 '/dot for tr ickisi ' 
was found impracticable and unacceptable because a sudden dovi'ition 
excursion at gain switchover point v;us virtually impossible to attoin 
without very i significant equipment modifications. 


t.}US3TI0?r 5 FINDINGS 

1, The upper transition is pilot acceptable. 

2, Pre-capture configuration cues arc slightly later than they 
might be to be optimum. 

3, Small variations in entry speeds make significant differences 
in the ease v;ith which the transition is accniiolisited. 




aOESTION 6 StMiARY AND kSAlSSJS 
(37 Simultitor - 45 Airplane Questionnairco) 

6 - vniM* IS YOim opimo?^ of tramsitiom to tkb oLiuBSLOre ? 

ovaltmtionc and %'arious pv-bllshcd statements gave the indication 
I.! i t tru’^sltion from Upper doiTnent to 3L3 Glidealopo (or Lover Segment) 
va-j ro Tyidered 1% most safety- and pilot acceptance-critical portion of 
tho two-aegr.' nt procedure, Tho Project Pilot group conducted a very de- 
taiilf'd iaveoMgation into the Individual and interdependent variables that 
arc involved in this cortion of tho yp^jroach. "Sucstion 6 vas written as 
a completely frec-fom question in order to elicit Guest Pilot opinion 
on anything involved in the maneuver from comioncer.ont at Glidealopo 
Ganturc Point to Glideslope stabiLization point. 

As with the Question 5 summary and analysis, such coinments os "smoothP', 
"gradual anti smooth” oic, have < boon interpreted to mean that tho pilot 
censiders i**e nr:aneuvfir acceptable. In addition to this typo of comment, 
t!iere are several corU'tonts v/hich reflect pleasant surprise at the man- 
envsi''. In i*ie absence of some a'lHtlonul specific statement to the con- 
trary, thesD have been interpreted as an indication of the pilot's acc- 
eptance, 


^in=IGTIOU 6 RB3P0UGS STlt^lARY 


C0MI1ENT CATEGORY 

3LMUL/;T0R 

AIRIUlfE 

lo Resnonsc 

— 

1 

Acceotablc (without autilifylnf! comment) 

21 

26 

Acceptable (with comment) 

1 6 

18 

Unucceotable 

- 

- 

Total 

37 

45 


The nat’iiro of the comments made in the responses ore broken down as follows 


Good liith froper guidance 
Gultlinoo is good 

I’Qwcr control/ trim easy 1 

‘Vofera imn^iol i.hrotiles 1 

I’crl-lond not increased 

Vlnrklnad higher in speod/power/scannlng 1 

Ooc'l if stabilized for entry 1 

Likes oonritant speed transition 1 

Likes 1 0-knot increment on Upper 3 

Coed with nroprr train ing/familiarity 4 

In»provemen‘t ovriT earlier procedures 1 

Flight Director better than Autopilot 1 

Good if commenced by 1000 '-Stab, on G/S by 500' 1 

■fr ,‘«r ’f •*nn starts ti,..o high/'*'Skes too much alt. 1 

Tr'jnsiticn starts low 2 

Good In VFR - 

-er^’cnt In cbrnrlcto program ttiat gives 
me crincern” 


1 

1 

1 

«• 

t 

4 

7 , 

1 

I 

s 

1 

1 
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QUKflTlON FINDINGS 


1, ihe s1Wob1o[w» manouvf'r ia '’lufn-o "tci 

ytstoie'ii In tinio if^ucation w in <|iJcotlorii 3 wMoh w«'iuld 

Icuto tiifii .'iny in the t^ronp eonnldora ibi lovjcr 1 ii^-n 

unaiifo. 

2. The ■inf*yvei’ rtn ev^iluated appears to liave allayed ciii'ller «* oncer n'' 
•ifi regai’ds h‘gh 3inl< ratea,(jlldo3lopo imdort.hcot .'ind engine apoo’’'- 
doini fit low altitudes. 


PILOT QUESTIOttiAIRE PART I ANALYSIS 


The Part I questionnaire analysis appears In the preceding discussion 
on safety of the procedure, and will therefore not be repeated in 
this section,. (See pp 34-35) 

As explained earlier, the Part I responses were treated as indirect 
factors in the conclusions regarding safety, Di the following 
findings, they have been considered as bearing directly on pilot 
acceptance. 


FINDINGS FHOM FART I ANALYSIS AS IT RiSUTES TO PILOT ACCEPTANCE 

1, The two-segment approach procedure does not have a significantly 
greater Impact on pilot cockpit activity than the standard II^ 
procedure. 

2. Instrument scanning and airspeed control are slightly more diffi- 
cult in the two-oogment approach. These factors do not constitute 
an unacceptable workload increase over the standard ILS workload 
requirements. 


OF gUALirS. 



COCKPIT INSTRUMENT DISPLAYS AND AmiUNCIATIONS 
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(3) COCKPIT ANNUfPiA'tmAHD €!43THWKtfr DISi^lAYS ^ 

The reaponses to Questions 1 and 2 and any applicable written comments 
on Part I of the questionnaire constitute the principal sources upon 
which tlie conclusions regarding instrument and annunciator displays are 
based. Generally, the pilot either approved of these displays or 
recommended changes which he specified in his responses. 

The following tables sumnarlze the responsou to those questions; 
Question 1 Summary and Analysis 

This summary is based on 37 simulator and 45 aircraft questionnaires. 

Question 1 - Vfould you like to see any changes made to the existing 
annunciator display? If yes, what changes? 

Question 1 Summary Simulator Aircraft 


Ilo change recommended 29 26 

Annu||£j^gtoj^^chan£os^/^^ 

(a) 2-seg switch *on72-seg* armed lite - 3 

(b) 2-seg“ fail lite 1 1 

(c) ‘Airport elevation set annunciator 1 1 

(d) Annun^Alt Hold and/or A/T modes 4 2 

(e) Add Radalt visual/aural warning at 

1000 ’-800 '(AGL) - 1 

(f) Illuminate “upper segment” and "glide- 

slope ” amber at same time 1 1 

(g) Extinguish "upper segment" green at 

"glide si ope" green 1 3 


So 


Queotlon 1 Suginary>. Cpnt 


Simulator Aircral’t 


k 


♦ 


Relocations or logic changes recommended; 

(a) Place Approach Progress Display 

Immediately above ADI - 2 

(b) Inhibit “glideslope *• amber until 

at least 1000' below U/S capture - 1 

(c) Move 2-seg selector switch or make 

it different from rriarker beacon switch - 1 


(d) Make 2-seg selector switch engageable 

only if all vallds are present 1 1 

(e) (Comment) Blank "U/S” distracting 

on standard ILS 1 1 

(f ) Display F/D modes in HSI 1 


Qaestion 2 Summary and Analysis 

Question 2 ; Would you like to see any change in the instrument 
display ? If yes» what changes ? 

RESPOtSE SUMMARY 


Simulator Aj-rgraft 


No change recommended 20 

Recommended changes i 

(a) Display raw G/S on HSI and computed 

data on ADI 4 

(b) Investigate feasibility of (a) above 1 

(c) Display computed data on ADI on U/S 

and switch to ravr G/S at G/S capture 3 


21 


5 
2 

6 


-<5y 


(d) Display raw G/S on KSI 


5 


QuBBtloa 2 Sunmanr.. C.on t 


Simulator Aircraft 


(e) Dampen puddon switch of vertical 
deviation bar on HSI at G/S capture 

(f) Place 2-seg selector switch on F/D 
mode selector panel 

(g) Group all 2-seg switches/controls 
together 

(h) Improve HSI visual configuration cues 

(i) Heading bug color (hard to read) 


1 

1 


(j) ASI hard to read/ASI scale orientation 1 


1 
3 

1 
1 

The recommendations relating to extinguishing the "upper segment" 
annunciation at glideslope capture were carefully considered. It was 
felt that this would not be consistent with the established progress 
display light convention wherein once illuminated, that light is not 
extinguished so long as the proc'^idure continues normal progress 
through the subsequent steps. 


totel of eleven conments (sim and aircraft) were made concerning 
separate annunciation of the two-segment on/arraed/fail and annun- 
ciating the altitude hold and autothrottle modes. The original 
equipment design proposed by Collins Included a"two-segment approach •" 
normal" and a** two-segment fail-below glideslope" annunciator. These 
annunciators were deleted from the system for two principal reasons; 

(1) A light should be added to tho panel only if its message is such 
that safety is compromised in the time lapse which might be 
involved in the pilot's recognizing and Interpreting this message 
from a less obvious source and/or (2) it is required by regulation 
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or is considered operationally necessary for some reason different 
from (1) above. In this particular case, the "tvio-sebnnent-norraal'* 
liflht was functionally little more than a switch position indicator 
light. The "fail" light was considered redundant because failure 
of the system, while it is serving as the vertical guidance source, 
disconnects the autopilot and/or biases the command bars from view. 
The two-segment system, even when selected does not alter 

the operational logic of any of the flight director or autopilot 
Kcdes other than the* auto approach modes. Any two-segment failure 
affecting the usability of either system is therefore manifested 
to the pilot in a manner already proven adequate and reliable 
under such conditions. 


Considerable coiiiment was received (8 Simula t ir, 18 aircraft) relating 
to ravf data vjrsus comimted vertical deviation data on the ADI and 
HSI, Several combinations were mentioned. This matter was discussed 
at length in the system design phase. It is felt that the divergent 
opinions were principally the result of different airline instrumentat- 
ion concepts, differences in pilot backgrounds and training and differ- 
ences in individual fleet configurations. The decision to display 
raw ns glideslope on the primary instrument was based on several ini- 
portant factors: (l) Hav; IDS glideslope information which is un- 

switched and not processed through the two-segment system, should be 
available to the pilot. The addition of glideslope and LOG deviation 
displays in the ADI attest to the importance of this information in 
the primary attitude/guidance instrument, (2) This information must 


be immediately available to the pilot next tc his flight director 


POOR quality; 
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coimnand bars in the moot critical phase of the approach. As designed, 
the unswitched and unprocessed raw infontation Is displayed in the 
ADI, (3) itaw F,litlo3lo{je display in the ADI is an additional safe- 
guard against a computational error v;hlch might mis-position the upper 
segniont. There is no proper situation on upper segment in which the 
aircraft is on upper segment and below glideslope at the same time, 

( 4 ) As presented, the display is the sane as the pilot sees 
when capturing US glideslope from above in a standard ILS. 

It should be recognized that if this system were retrofitted into the 
various air carrier fleets, any display combination which an individual 
carrier might desire could be incorporated through interface and minor 
equipment modifications. 

Concl u sions ilegarding Two-Segment Annunciator and Instrument Displays 

A, The annunciator display and sequencing are acceptable, 

B, The vertical guidance display is acceptable, 

C, Differences exist regarding the combination of raw and computed 
vertical deviation displays on the ADI and HSI, These differences 
can be accommodated by interface and minor equipment modifications, 

D, The cockpit location of system conti’ols, annunciators and switches 
is acceptable for a single-system installation. 








a -a 
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G?] ERilL 

The Gu'jpb Pilot Evolution sucooaafully accranpliphecl the objectives for 
which it ?wd boon desl;ji'ied, 

Tho partioipahto roproaontod a v/oH-bfiluncod cross section of cirporlenccd 
Industry pUots. Their evaluations provided the confidence l.hat tho eq- 
ulpciont and procedures could (and should) be evaluated in the regular air 
carrier environment by, Line Pilots who became Involved as the result of 
normal line bidding procedures. Accordingly the system was installed in 
a UAL 3727-222, The FAA issued a Supplemental Type Certificate for eval- 
uation of the equipment and procedures in revenue oeinrice. This evaluation 
was conducted dtiring the period 28 April-29 October 1973. 




